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Standard therapy-resistant small cell lung cancer
showing dynamic transition of neuroendocrine fate
during the cancer trajectory: A case report
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Abstract. While small cell lung cancer (SCLC) has been
treated as a single disease historically, recent studies have
suggested that SCLC can be classified into molecular subtypes
based on the expression of lineage transcription factors such as
achaete-scute homolog 1 (ASCLI), neurogenic differentiation
factor 1 (NEURODI), POU domain class 2 transcription
factor 3 (POU2F3) and transcriptional coactivator YAP1
(YAPI1). These transcription factor-based subtypes may
be specifically targeted in therapy, and recent studies have
suggested that the SCLC subtypes represent different stages
of dynamic evolution of SCLC rather than independent
diseases. Nevertheless, evidence of shift in neuroendocrine
differentiation during SCLC evolution has been lacking in the
clinical setting. In the present study, a 60-year-old male was
diagnosed with extensive SCLC. The tumor responded not
to the standard SCLC regimen of carboplatin, etoposide and
atezolizumab, but to the non-SCLC regimen of carboplatin,
nab-paclitaxel and pembrolizumab. The patient succumbed 5
months after the initial diagnosis and a pathological autopsy
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was performed. The tumor was originally negative for all four
transcription factors, ASCL1, NEURODI, POU2F3 and YAPI,
in the biopsy specimens at diagnosis. Loss of synaptophysin
expression and emergence of Myc proto-oncogene protein
and YAPI expression was recorded in the autopsy specimens,
suggesting the transition to a decreased neuroendocrine fate
during the disease trajectory. This case provides clinical
evidence of dynamic transition of neuroendocrine fate during
SCLC evolution. In light of SCLC heterogeneity and plasticity,
development of precision medicine is required.

Introduction

Small cell lung cancer (SCLC) is the most aggressive type of
primary lung cancer characterized by neuroendocrine features,
rapid tumor growth, early metastatic dissemination and a poor
prognosis (1). In general, SCLC is highly sensitive and respon-
sive to initial chemotherapy; however, most patients eventually
relapse and finally succumb to the disease. While SCLC has
been treated as a single disease historically, recent studies
have suggested that SCLCs can be classified based on the
expression of lineage factors, such as achaete-scute homolog 1
(ASCL1), neurogenic differentiation factor 1 (NEURODI),
POU domain class 2 transcription factor 3 (POU2F3) and
transcriptional coactivator YAP1 (YAP1); SCLCs defined
by the high expression of either one of the first two factors
are categorized as neuroendocrine-high, while the latter two
factors categorize the disease as neuroendocrine-low (2-7).
However, the associations between these subtypes and clinical
characteristics, including tailored treatment options, have not
been well studied.

The present study reports a case of neuroendocrine-low
SCLC, which was resistant to standard chemotherapy for
SCLC, but responded to a regimen for non-SCLC (NSCLC).
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Pathological assessment of the autopsy specimens after the
death of the patient revealed a dynamic transition of differen-
tiation status in a neuroendocrine cancer.

Case report

A 60-year-old man with a 20-pack-year history of smoking
visited Keiyu Hospital (Yokohama, Japan) due to chest pain
and dysphagia in December 2019. The patient had been treated
for hypertension and hyperuricemia at a previous hospital.
Computed tomography revealed a 71-mm mass in the lower
lobe of the left lung, enlarged left hilar and mediastinal lymph
nodes, and left pleural effusion (Fig. 1A). A transbronchial
biopsy was performed and the pathological findings are shown
in Fig. 2. The tumor was considered to be small cell carcinoma
as the tumor presented with cells that were small and round
in shape, with scant cytoplasm and finely granular nuclear
chromatin (Fig. 2A). Immunostaining was positive for synap-
tophysin (Fig. 2B), but negative for chromogranin, CD56 and
thyroid transcription factor 1. No brain metastasis was found
by head magnetic resonance imaging and thus, the patient
was diagnosed with primary stage IVA SCLC (cT4N2Mla),
according to the eighth edition of the TNM Classification for
Lung Cancer (8). The biopsy specimens were negative for
ASCLI1, NEURODI, POU2F3 and YAPI. The presence of
Myc proto-oncogene protein (MYC)-expressing tumor cells
was almost negative in most areas in the biopsy specimens
(Fig. 2D). Immunostaining method details are provide in
Table SI.

First-line chemotherapy with carboplatin [area under
the blood concentration time curve (AUC) 5 on day 1] plus
etoposide (100 mg/m? on days 1-3) was started. However,
computed tomography showed tumor progression in the
primary lesion, and the hilar and mediastinal lymph nodes.
Although, atezolizumab (1,200 mg on day 1) was administered
in addition to carboplatin (AUC 5 on day 1) plus etoposide
(100 mg/m? on days 1-3) in the second cycle, the tumor did
not respond to the treatment, growing further to 121 mm, and
solid food intake was disturbed due to the esophageal invasion
(Fig. 1B).

Since the immunostaining patterns in the biopsy specimens
were atypical for SCLC, with only one positive neuroendocrine
marker, and the pathology represented only a small part
of the tumor due to the biopsy size, the patient was treated
with the NSCLC regimen of carboplatin (AUC 4.5 on day 1),
nanoparticle albumin-bound (nab) paclitaxel (100 mg/m? on
days 1, 8 and 15) and pembrolizumab (200 mg on day 1),
considering the possibility that a NSCLC component was
present. After one cycle, the symptom of dysphagia improved,
and computed tomography showed that the primary tumor
was decreased in size to 84 mm (Fig. 1C). A second cycle of
chemotherapy (same dose as first cycle) was administered. At
11 days after the start of the second cycle, dyspnea developed,
leading to a diagnosis of bacterial pneumonia. Despite
antibiotic treatment, the patient succumbed 5 months after the
initial diagnosis.

A pathological autopsy was performed. The 95-mm
primary lesion was found to have direct involvement with
the pericardium, left atrium and esophagus. The tumor had
metastasized to the hilar and mediastinal lymph nodes, but

no hematogenous metastasis was found. The tumor contained
small round cells and was morphologically consistent with an
SCLC (Fig. 2E). Immunostaining of the autopsy specimens
showed consistently negative results for chromogranin A,
CD56 and TTF-1, and almost all cells were negative for
synaptophysin (Fig. 2F). The autopsy specimens were
negative for ASCL1, NEURODI and POU2F3, identical to
the biopsy results. A negative result had been found for YAP1
in the biopsy (Fig. 2C); however, positive focal staining was
detected in the autopsy specimens (Fig. 2G). The proportion of
MYC-expressing tumor cells increased in the autopsy samples
compared with that in the biopsy specimens (Fig. 2D and H).
This alteration in the expression of neuroendocrine markers
may reflect a dynamic transition to neuroendocrine-low
SCLC.

Discussion

In the present case of standard therapy-resistant SCLC with
a temporal response to a nab-paclitaxel-containing regimen,
pathological assessment of autopsy specimens enabled the
capture of the transition of its neuroendocrine fate. To the best
of our knowledge, evidence for neuroendocrine differentiation
shifting during SCLC evolution have been lacking in the
clinical setting.

Recent studies have suggested that SCLC is composed
of at least four molecular subtypes based on the expression
of the transcription factors ASCL1, NEURODI, POU2F3
and YAPI (2,6), and that more than four-fifths of SCLC
tumors belong to the neuroendocrine-high SCLC-ASCLI or
SCLC-NEURODI subtypes (6,9,10). The present case was
originally negative for ASCL1 and NEURODI, as well as
TTF-1 and two out of three neuroendocrine markers in the
biopsy specimens, suggesting a neuroendocrine-low status.
The biopsy specimens were also negative for POU2F3 and
YAPI; therefore, this case could not be categorized into one of
those SCLC subtypes.

Notably in the present case, the autopsy specimens
showed loss of synaptophysin expression and an increase in
the number of MYC-positive tumor cells that were focally
positive for YAPI, different from the results found in the
biopsy specimens. In this regard, using genetically engineered
mouse models, a recent study demonstrated that the SCLC
subtypes are not independent but rather different stages of
the dynamic evolution of SCLC (11). Expression of the classic
oncogene MYC is hypothesized to be involved in this dynamic,
with MYC promoting lineage shifts from SCLC-ASCLI1
to SCLC-NEURODI and from SCLC-NEURODI to
SCLC-YAPI1 (11,12). We hypothesize that the present case
may be in the dynamic transition stage of its neuroendocrine
fate, possibly under the influence of the anticancer drug
treatments. It has been reported that the expression of MYC is
elevated in tumor cells surviving cisplatin chemotherapy (13).
The neuroendocrine differentiation state may have shifted
due to the upregulation of MYC expression after platinum
chemotherapy in the present case. Future investigations are
needed to further illustrate the cell lineage plasticity of human
SCLCs.

Associations between the SCLC subtypes and
clinical characteristics have been reported. NEURODI
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Figure 1. Computed tomography scans at (A) initial diagnosis, (B) after treatment with carboplatin, etoposide and atezolizumab, and (C) after treatment with

carboplatin, nab-paclitaxel and pembrolizumab.
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Figure 2. Histological findings from (A-D) transbronchial biopsy and (E-H) from autopsy. (A and E) H&E staining consistently showed small cell carcinoma.
Synaptophysin was (B) positive in the biopsy and (F) negative in almost all cells in the autopsy. YAP1 was (C) negative in the biopsy, but (G) focally positive in
the autopsy. MYC was (D) negative in almost all cells in the biopsy, but (H) focally and weakly positive in the autopsy. Magnification, x400. H&E, hematoxylin
and eosin; YAPI, transcriptional coactivator YAP1; MYC, Myc proto-oncogene protein.

expression was found to be higher in extensive SCLC
than in limited SCLC (14); SCLC-YAP1 was found to
be associated with a shorter patient survival time and
increased chemotherapy resistance (3). It is possible that the
undetermined neuroendocrine-low status of the SCLC in the
present study was related to its resistance to the standard
platinum-based chemotherapy. However, it responded to
the nab-paclitaxel-containing regimen. There have been
several reports of paclitaxel or nab-paclitaxel showing
antitumor activity against SCLC (15,16). In the present
case, nab-paclitaxel may have contributed to the therapeutic
effect, as it is unlikely that continuous use of carboplatin or
the switch from atezolizumab to pembrolizumab resulted
in the marked antitumor effect. However, nab-paclitaxel
shows modest antitumor activity only in a small proportion
of relapsed SCLC (17). Further investigations are needed to
elucidate the background of SCLC tumors that are sensitive
to nab-paclitaxel.

In summary, the present case was an atypical SCLC that
responded only to the nab-paclitaxel-containing regimen.
Immunostaining suggested its original neuroendocrine-low
status and a dynamic shift of its neuroendocrine fate during
the disease trajectory. Establishment of precision medicine,
considering the heterogeneity and plasticity of SCLC differen-
tiation states, is warranted.
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